strate persistence upregulation of protein levels ( Figures  1F and 1G) . The expression of other myelin proteins, including a second NgR ligand, MAG, is not altered in
). Rostral and caudal 66, but neurons from ngr Ϫ/Ϫ mice do not do so signifiastroglial scars surround a central fibroblastic, GFAPcantly above background levels ( Figures 3A and 3B) . negative scar in all sections examined ( Figure 4C ). There The absence of high-affinity binding sites for Nogo-66 is no evidence of any spared tissue bridges in eight of in ngr null cells predicts that Nogo-66 will not inhibit their eight ngr Ϫ/Ϫ and four of four ngr ϩ/Ϫ mice examined by axonal growth properties. A series of myelin inhibitory GFAP immunostaining. The ngr null mice display signifiproteins were examined for growth cone collapsing accantly higher locomotor scores during the weeks after tivity in wild-type versus ngr Ϫ/Ϫ P14 DRG cultures. Nogocomplete transection injury than do control littermates 66, MAG, OMgp, and CNS myelin all fail to induce growth ( Figure 4B ). At 6 weeks post-SCI, the control mice recone collapse in postnatal DRG neurons lacking NgR cover to an average score of 7. Others have recently ( Figures 3C and 3D) . reported significant treadmill-induced locomotion in mice with complete spinal transection, so this level of Improved Locomotor Recovery after SCI improvement in wild-type and ngr ϩ/Ϫ mice should not in ngr Ϫ/Ϫ Mice be unexpected (Leblond et al., 2003) . Mice lacking NgR Since postnatal DRG neurons lacking NgR appear signifrecover to significantly higher scores than do control icantly less sensitive to myelin inhibitors in vitro, the mice, with a majority of the ngr Ϫ/Ϫ mice reaching a score degree of recovery from SCI in vivo was assessed. Locoof 9 or greater by 6 weeks ( Figure 4B ). These open field motor recovery from a midthoracic dorsal hemisection scores at 6 weeks reflect a highly significant increase injury was assessed using a standardized open field (Student's t test; p Յ 0.001) in the achievement of assessment, the BBB score ( Figure 4A Figures 6D-6F ). High magnifications of all serial sections from one ngr Ϫ/Ϫ animal allowed positive cell bodies were not identified in the cerebral cortex or the brainstem of the same animals (data not a camera lucida reconstruction of the pattern of caudal growth beyond the injury site ( Figures 6G and 6H) . shown).
In order to reveal which, if any, particular descending Cross-sections of the spinal cord at a level 4 mm caudal to the complete transection were also examined for tracts might contribute to electrophysiologic and behavioral recovery, we performed retrograde tracing with 5-HT-positive profiles (Figures 7A and 7D) . In completely transected spinal cords, the level of serotonergic fiber Fluorogold (FG) from the caudal ventral horn of completely transected mice 6 weeks after injury. Control length per section at this level is essentially undetectable in control mice. In ngr Ϫ/Ϫ mice, regenerated serotoanimals reveal no significant label in the brainstem, as expected. However, in the ngr Ϫ/Ϫ samples, there are signergic fibers are evident in the majority of the complete transected animals ( Figures 7A and 7D) . Thus, the presnificant numbers of FG-positive neurons in the red nucleus (Figures 5F and 5G) injured mice had BBB scores of 16 or less in the present study, this second mouse BBB scale modification is irrelevant to measureSouthern and Northern Analyses ments of the injured mice in this study. Throughout the surgery, For Southern blot analysis, tail DNA was extracted using the DNeasy behavioral testing, and histological analysis, researchers were blind Tissue Kit (Qiagen). Ten micrograms of DNA was digested with to the identity of the mouse genotype. NheI, electrophoresed into an agarose gel, and blotted onto a nylon membrane. After UV crosslinking, the membrane was hybridized with PCR-generated random-primed 32 P-labeled ngr probes at 42ЊC Spinal Cord Dorsal Hemisection, Complete Transection, Corticospinal and Rubrospinal Fiber Tracing, in a 50% formamide/5ϫ SSPE/10% dextran sulfate/1% SDS solution and washed at 62ЊC with 0.1ϫ SSC/0.1% SDS. Routine genotypic and 5,7-DHT Injection All surgical procedures and postoperative care were performed in screening was performed by PCR (ngr-specific forward primer, 5Ј-CAGTACCTGCGACTCAATGACAACCCC-3Ј; ngr-specific reverse accordance with guidelines of the Yale Animal Care and Use Committee. Female mice (7-10 weeks old) were utilized for all SCI experiprimer, 5Ј-CTTCCGGGAACAACCTGGCCTCC-3Ј; neo R -specific forward primer, 5Ј-CTATTCGGCTATGACTGGGCACAACAGAC-3Ј; neo Rments, and in each case ngr Ϫ/Ϫ mice were compared with control ngr ϩ/Ϫ and/or ngr ϩ/ϩ mice from the same litter (and therefore same specific reverse primer, 5Ј-GAACTCGTCAAGAAGGCGATAGAAGG CGAT-3Ј). strain background). Mice were deeply anesthetized with intraperitoneal ketamine (100 mg/kg) and xylazine (15 mg/kg). Laminectomies For Northern blots, total brain RNA was isolated using the RNeasy Midi Kit (Qiagen). Total RNA (20 g) was separated on a 1% agarose/ were performed at spinal levels T6 and T7, exposing the spinal cord. A dorsal hemisection was performed at T6 using the tip of a 32G 2% formaldehyde/1ϫ MOPS gel, blotted to a nylon membrane, UV crosslinked, and hybridized using 32 P-labeled probes prepared from needle, completely interrupting the dorsal and dorsolateral CSTs. For complete transections, laminectomies were performed at T8, fragments of ngr or nogo-c cDNA. Hybridization was performed at 65ЊC in 0.5 M phosphate buffer/1 mM EDTA/1% BSA/7% SDS, and and a no. 11 scalpel blade was used to transect the entire depth of the spinal cord. The vertebral cavity was probed several times with washing was performed at 60ЊC with 0.2ϫ SSC/0.5% SDS. fine forceps to ensure as complete a transection of the spinal cord
